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Abstract
The aim of this research was to compare the effectiveness of two different optical measurement techniques (digital image 
correlation—DIC and electronic speckle pattern interferometry—ESPI) during fatigue damage development monitoring in 
X10CrMoVNb9-1 (P91) power engineering steel for pipes. The specimens machined from the as-received pipe were sub-
jected to fatigue loadings and monitored simultaneously using DIC and ESPI techniques. It was found that DIC technique, 
although characterised by lower resolution, was more effective than ESPI. DIC allows to monitor the fatigue behaviour of steel 
specimens and accurately indicate the area of potential failure even within the initial stage of fatigue damage development.

Keywords  Fatigue development · Damage · P91 steel · Digital image correlation (DIC) · Electronic speckle pattern 
interferometry (ESPI)

1  Introduction

Material behaviour under various loading types could be 
successfully determined by using different measurement 
techniques. The most conventional method includes exten-
someter recordings during both, static and fatigue tests for 
subsequent strain component measurements. Such method-
ology enables continuous recording of strain changes in a 
particular direction defined at the beginning of mechanical 
test. Moreover, the extensometers can only monitor a dis-
placement on the limited strain gauge, and more importantly, 
give only an average values of it. This is a serious limitation 
of the technique, particularly in the case of fatigue investiga-
tions. Although fatigue phenomenon has been investigated 
by many research centres for more than two ages, there are 
still a lot of difficulties in the prediction of crack initiation 
under cyclic loading, especially under multiaxial stress con-
ditions. It is well known that the process of fatigue damage 
development and structural degradation is of local nature, 

and as a consequence, an application of the above-mentioned 
conventional extensometers for strain measurements cannot 
reflect strain distribution along the gauge length of the speci-
men tested, Fig. 1. As illustrated schematically in Fig. 1, the 
indication of the crack initiation location within the gauge 
length is practically impossible using the conventional 
extensometers. Such a problem may be effectively solved 
by the application of DIC or ESPI full-field optical methods.

DIC is a stereoscopic technique in which two CCD cam-
eras, light sources and computational software are used. A 
mathematical theory of DIC was presented by Chu et al. 
[1]. In this method, a specimen needs to be covered with 
a special pattern (black dots on a bright background) [1, 
2]. Such pattern defines the x and z coordinates which are 
further used to run the test under strain control. The origins 
of rectangular- or square-shaped pattern are directly applied 
to calculate the displacement/strain. The results obtained are 
presented in the form of full-field strain distribution maps 
[2]. The DIC method is mainly used for static measurements 
in which tensile and compressive behaviour [3], fracture 
toughness [4] and the geometrical imperfection effects on 
mechanical response [2] are investigated in detail.

ESPI is the holographic interferometry-type technique 
based on the laser beam analysis distracted from the opti-
cally rough surface. The specimen surface is captured as an 
image by the CCD (charge-coupled device) sensor and trans-
ferred to a working station. As the first beam illuminates the 
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specimen surface, the reflected beam interferes with the ref-
erence beam, and thus the subtraction process of the speckle 
interferograms (before and after loading up to the defined 
levels) is performed and correlation fringes are obtained. 
The fringes enable generating a phase map with distribu-
tion of displacement components in each direction sepa-
rately [5]. Subsequent mathematical operations under the 
fixed boundary conditions (measurement area dimensions) 
and the material parameters (Young’s modulus and Poisson’s 
ratio) led to the final full-field stress and strain phase maps. 
ESPI, although different in terms of operation principles, is 
quite similar to DIC optical technique, for which also the 
displacement maps during loading can be obtained. It should 
be mentioned however, that it has significantly higher than 
DIC resolution. More importantly, it is mainly laboratory 
scale dedicated due to a high vibration sensitivity, which 
disturbs seriously the results captured.

Both ESPI and DIC have many applications. DIC was 
used to study different kinds of materials, such as soft and 
hard biological tissues [6–9], dental materials [10], high-
temperature applications [11], structural dynamics [12], 
residual stress and its error estimation [13], in situ monitor-
ing of additive manufacturing [14], and many others. On 
the other hand, ESPI has been recently employed for assess-
ing the integrity of structural materials, evaluating residual 
stress fields in pipes, measuring surface displacements dur-
ing inflation testing of ocular tissues or assessing strain in 
bone–implant interfaces [15].

The application of both these methods during testing 
enables to locate the stress concentration area and further 
predict the potential region where fracture could occur. 
They were previously used to monitor strain distribution 
of a biaxially loaded cruciform specimens. It was reported 
that both ESPI and DIC gave similar results, but ESPI 
could only be applied in uniaxial test cases due to its inca-
pability to cope with the vibrations of the biaxial testing 
bench [16]. Optical techniques were also used for full-field 
stress measurement for in situ structural health monitoring 
of airframe components [17]. Siebert et al. [18] presented 

recent developments and applications for optical full-field 
strain measurement using ESPI and DIC. In this research, 
the ESPI technique was applied for determination of strain 
under static loading in composite and inhomogeneous 
materials and was applied for optimisation of the design 
of components in automotive applications. On the other 
hand, DIC was found to be extremely useful for full-field 
three-dimensional displacement and strain measurements 
in real time, which enabled in situ monitoring of the test 
itself. Bingleman et al. [19] used DIC to track speckle 
motion caused by specimen displacement between ESPI 
measurements. The images measured by DIC were math-
ematically shifted to restore the original speckle locations 
to further eliminate the vibration-caused noise during the 
ESPI measurements. It was found that application of cor-
recting asymmetries or parallel illumination beams could 
successfully eliminate such measuring issue. ESPI was 
successfully used to detect the crack initiation in coatings 
and the delamination occurrence at the coating/substrate 
interface during the fatigue [20, 21]. It should be men-
tioned, however, that the differences between hard coating 
and substrate material enable to localise the stress con-
centrators (hard phases or particles) much easier, than on 
homogenous material; therefore, the ESPI measurements 
are relatively easy to perform. Additionally, geometrical 
features, like holes or notches, could be used as stress and 
strain concentration inducers [22]. Their presence during 
fatigue testing enables to monitor strain distribution and 
analyse damage growth in the microstrain regime. It is also 
known that in cyclic loading, heterogeneous deformation 
is mainly determined by the structural integrity of compo-
nents, and therefore, the fatigue crack initiation is driven 
by the micromechanical response during cyclic loading 
and subsequent microstructural changes including persis-
tent slip bands and cyclic twins that could further lead to 
crack nucleation and initiation [23, 24]. However, the high 
sensitivity to vibration of ESPI setup practically narrows 
its application to the laboratory scale. On the other hand, 
the DIC was successfully used to determine the fatigue life 
of different materials, for example: aluminium alloys [25], 
nickel-based alloys [26], glass fibre-reinforced polymer 
composites [27], woven organic matrix composites [28] 
or even asphalt concrete [29].

Despite many applications of both optical techniques, 
one can indicate that the comparison of DIC and ESPI 
optical measurement effectiveness for fatigue damage 
development monitoring has not been investigated in 
detail as yet. Therefore, the main aim of this work was 
to perform a series of fatigue tests on specimens with the 
same geometry and assess the effectiveness of both tech-
niques during measurements carried out under the same 
conditions.

Fig. 1   Standard technique of strain measurements during fatigue
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2 � Materials and methods

2.1 � Characterisation of material

Fatigue testing was performed on wire-cut specimens 
made of P91 heat-resistant steel in the as-received state 
(normalising at 1050 °C for 2 h/oil cooling, tempering at 
750 °C/2 h/air cooling). Prior to the testing, the material 
was subjected to chemical composition analysis (EDS) 
to confirm the agreement with the Polish Standards (PN 
10216-2:2004) [30], as presented in Table 1. The con-
tent of alloying elements remained at acceptable level in 
comparison to the standard range. The microstructure of 
P91 steel is presented in Fig. 2 where the needle-shaped 
tempered martensite forming zigzag groups with carbide 
secretions can be observed. This is typical microstructure 
of P91 steel after normalisation and tempering as reported 
in [31, 32]. The chemical composition analysis was per-
formed using scanning electron microscope J0L6360 LA, 
while the microstructures were observed using light micro-
scope (OLYMPUS PMG3).

The engineering drawing of specimen designed for 
fatigue tests is shown in Fig. 3.

2.2 � Experimental details

Before an execution of the main experimental programme, 
the preliminary tests were carried out. They included 
standard tensile tests to determine the basic mechanical 
parameters that were subsequently used to define fatigue 
loading conditions. All tensile tests were performed at the 
strain rate equal to 2 × 10−4 s−1.

Standard fatigue tests and uniaxial tensile tests were per-
formed on the MTS 858 testing machine, with an axial force 
range of ± 25 kN and a torque of ± 200 Nm, controlled by a 
TestStar II using such software as TestWare-SX v. 4.0D and 
790.20 Fatigue Test Application.

The fatigue tests were force controlled with zero mean 
level and a constant stress amplitude with a frequency of 
20 Hz in the range of stress amplitude from ± 400 MPa 
to ± 640 MPa. The range of fatigue loads was established 
on the basis of the yield strength R0.2 determined from the 
uniaxial tensile test. The fatigue development was monitored 
by Dantec Dynamics Q100 ESPI system and DIC Aramis 
12 M equipped with lenses of total focal length of 75 mm 
and calibration settings appropriate to the measuring area 
equal to 170 × 156 mm. The calibration was performed prior 
to testing using a certified GOM calibration plate. The gen-
eral view of the experimental setups are presented in Fig. 4. 
The loading programmes in experiments supported by ESPI 
system and DIC system are presented in Fig. 5. During the 
ESPI measurement, the first cycle conducted manually was 
followed by a block of cycles under the frequency of 20 Hz 
performed by the testing machine. The process of cyclic 
loading was interrupted several times to perform displace-
ment measurements using the ESPI camera. On the other 

Table 1   Chemical composition of the as-received P91steel (data captured from tests compared to that required according to the Polish Standards 
PN 10216-2:2004 [30])

C Mn Cr Mo V Ni Cu Si S P

As-received state 0.12 0.39 8.31 0.82 0.29 0.18 0.15 0.25 0.006  < 0.001
Required according to 

PN 10216-2:2004
0.08–0.12 0.3–0.6 8–9.5 0.85–1.1 0.18–0.25  < 0.4  < 0.3 0.2–0.5  < 0.01

Fig.2   The microstructure of P91 steel in the as-received state

Fig. 3   The geometry of the specimen (in mm)
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hand, Aramis software enabled to capture DIC images 
automatically at a frequency corresponding to 1000 fatigue 
cycles. The experimental programme for both methods pro-
vided displacement measurements at the beginning of the 
test and after a specific number of cycles. The suitability 
of the ESPI method for fatigue monitoring was assessed 
for stress amplitudes of 500 MPa, 550 MPa, 600 MPa and 

630 MPa, while for DIC their values were equal to 500 MPa, 
600 MPa, 630 MPa and 640 MPa.

3 � Results

3.1 � Preliminary tests for mechanical parameter 
identification of P91 steel

The selected mechanical properties of P91 steel were deter-
mined on the basis of static tensile tests. To obtain reliable 
results of the tensile tests, five specimens were tested accord-
ingly (Fig. 6a). The average values of parameters determined 
from these tests are presented in Table 2. All of them are 
close to those suggested by the PN10216-2: 2004 standards 
[30]. The higher values of Rm and A result from heat treat-
ment of the as-received material. It was reported in [31, 32] 
that a normalising temperature of 1050 °C and a tempering 

Fig. 4   General view of the experimental setup: DIC (a); ESPI (b)

Fig. 5   Loading programme in 
experiments supported by: ESPI 
system (a); DIC system (b)

Fig. 6   Strain–stress (a) and S–N curves (b) for the steel in the as-received state

Table 2   Mechanical parameters of P91 steel obtained in experiment 
and according to the Polish Standards PN10216-2: 2004 [30]

Rm [MPa] R0.2 [MPa] A [%] E (GPa)

As-received state 900 (± 16) 661 (± 9) 23 (± 1) 210 (± 5)
PN: 10216-2:2004 630–830  > 450 17–19 –
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temperature of 760 °C provide the best combination of 
strength, ductility and microstructure. In the next step of the 
experimental programme, fatigue tests with different values 
of stress amplitude were carried out. Figure 6 illustrates the 
S–N curve that summarises the fatigue results obtained. The 
fatigue damage development was monitored using both ESPI 
and DIC techniques.

3.2 � ESPI measurements

The exemplary ESPI measurements for the stress ampli-
tude equal to 500 MPa after selected number of cycles up 
to the specimen fracture are presented in Fig. 7. The spe-
cific areas of higher strain accumulation are presented in the 
strain distribution maps in dark red. An area of the relatively 

Fig. 7   ESPI measurements performed for the stress amplitude equal to 500 MPa with variable scale after: 1 cycle (a); 1000 cycles (b); 10,000 
(c); 100,000 cycles (d); 225,000 cycles (e)
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high accumulation of strain was found after the first cycle 
(Fig. 7a), indicating that the specimen was subjected to load 
after clamping it in the testing machine grips. However, after 
1000 cycles (Fig. 7b), the strain distribution on the speci-
men surface stabilises, presumably due to stabilisation of 
the specimen in testing grips. The fatigue damage develop-
ment in further cycles (Fig. 7c–e) led to the intensification of 
strain accumulation at the bottom part of the specimen. The 
potential areas of crack initiation were found after 225,000 
cycles in the lower part of the specimen. However, the meas-
urement made before the fracture (Fig. 8d) indicated a differ-
ent area of crack than that assumed in the previous measure-
ment. Furthermore, a different scale of strain was applied to 
clearly present a fracture location on the specimen. On the 
other hand, the unification of strain scale from 0 to 14 × 10–3 
unabled to observe any strain distribution (Fig. 8) even after 
225,000 cycles. 

To eliminate the potential measuring error, additional 
measurements were performed at the same conditions 
(Fig. 9). After 100,000 cycles (Fig. 9a), the strain accu-
mulated at the specimen right bottom area. The develop-
ment of fatigue damage and simultaneous increase of strain 
values in this area after 250,000 cycles (Fig. 9b) indicated 
that the fracture should occur in this particular region. How-
ever, the crack initiation was localised in the middle sec-
tion of the measured gauge and was not able to be detected 
before the specimen fracture (Fig. 9c, f). Again, no strain 
distribution was observed on the unification of the strain 
scale (Fig. 9d,e). Each specimen fractured within 1000 
cycles from the crack initiation. It should be highlighted 
that the ESPI measurements were also performed for the 
stress amplitudes equal to 550 MPa, 600 MPa and 630 MPa; 

however, the same difficulties for optical crack detection 
were met. Therefore, strain maps for 500 MPa were pre-
sented only.

3.3 � DIC measurements

To check the applicability of the DIC methodology, meas-
urements were performed for the same stress amplitude as 
that for the ESPI used, i.e. 500 MPa after a selected number 
of cycles to the specimen fracture. Unlike the ESPI measure-
ments, the DIC technique captured a strain localisation area 
after just one cycle (Fig. 10a). The subsequent evolution of 
fatigue damage to 100,000 cycles enabled to clearly indicate 
the area of potential crack initiation (Fig. 10b) and its devel-
opment (Fig. 10c, d) up to specimen fracture.

The effectiveness of the DIC method was further con-
firmed by performing an additional measurement for the 
stress amplitude equal to 600 MPa, 630 MPa and 640 MPa 
(Fig. 11, 12, 13). For each measurement, the area of poten-
tial crack initiation was precisely captured after the initial 
number of fatigue cycles and the specimens fractured exactly 
in this specified region. It should be mentioned, however, 
that the highest values of stress amplitude were required to 
be applied to modify the scale to clearly present the strain 
distribution.

4 � Discussion

Electronic speckle pattern interferometry and digital image 
correlation are widely used contactless methods for opti-
cal strain measurements with a wide range of possible 

Fig. 8   ESPI measurements performed for the stress amplitude equal to 500 MPa with the unified scale after: 1 cycle (a); 100,000 cycles (b); 
225,000 cycles (c); 245,737 cycles (d)
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applications [33–40]. Their advantages and limitations 
are presented in Table 3. Both the optical techniques in 
question enable to overcome several problems that con-
ventional contact sensors (extensometers, strain gauges, 
etc.) do not. Among them, one can indicate slippage, dif-
ficulty in attachment, possibility of the specimen dam-
aging the sensor due to fracture, not being applicable to 

special materials and small specimens, easily exceeding 
the range, not working in hostile environment, need of 
more strain gauges for different directions, and need of 
different instruments for different parameters [37]. Hence, 
the effectiveness of these techniques was investigated in 
detail by many researchers. Bingleman et al. [19] found 
that a combination of the ESPI and DIC techniques leads 

Fig. 9   Comparison of ESPI measurements performed for the stress amplitude equal to 500 MPa with variable scale after: 100,000 cycles (a); 
250,000 cycles (b); 299,207 cycles (c); and unified scale after: 100,000 cycles (d); 250,000 cycles (e); 299,207 cycles (f)
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Fig.10   DIC measurements performed for the stress amplitude equal to 500 MPa with unified scale after: 1 cycle (a); 100,000 cycles (b); 250,000 
cycles (c); 301,251 cycles (d)

Fig.11   DIC measurements performed for the stress amplitude equal to 600  MPa with unified scale after: 50  cycle (a); 130,000 cycles (b); 
138,000 cycles (c); 144 000 cycles (d)

Fig.12   DIC measurements performed for the stress amplitude equal to 630 MPa with unified scale after: 50 cycle (a); 50,000 cycles (b); 95,000 
cycles (c); 110,000 cycles (d)
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to many new possibilities for surface displacement meas-
urements. It was reported that the standard error of ESPI 
measurements was one order of magnitude smaller than for 
DIC. The authors emphasised that ESPI sensitivity scaled 
with a specimen size, while DIC sensitivity did not, and 
thus the simultaneous use of ESPI and DIC for surface 
deformation estimation was recommended to be performed 
at much smaller specimen scales. Halama et al. [41] per-
formed strain and displacement contour comparison of 
ESPI and DIC under tension, shear and their combination. 

The results captured were found as qualitatively compara-
ble for all three loading types.

The ESPI and DIC measurements during fatigue tests 
have brought to date several aspects to be considered while 
discussing the effectiveness of both methods to fatigue dam-
age development monitoring. It was noticed that, first, meas-
urements performed by ESPI were always burdened with the 
error of high deformation occurrence caused by clamping 
the specimen in the grip of the hydraulic machine. During 
fatigue testing, such error was not observed, indicating that 

Fig.13   DIC measurements performed for the stress amplitude equal to 640  MPa with the unified scale after: 30  cycle  (a); 8750 cycles (b); 
61,250 cycles (c); 92,489 cycles (d)

Table 3   Advantages and disadvantages of ESPI and DIC [33–40]

Advantages Disadvantages

ESPI  Noncontact measurement method with wavelength order accuracy
 Provides a full-field measurement
 Well suited for computer-aided measurements, as information is 

acquired and evaluated digitally
 Much higher sensitivity than that of holographic plates method
 Almost a real-time operation. The correlation fringes can be 

displayed on a monitor without the recourse to any form of pho-
tographic processing, or plate relocation

 The resolution of the recording medium used need not be as high 
as that required for the traditional holography

 The sensitivity can be increased by 20 times with phase modula-
tion

 High sensitivity to temperature fluctuations

 The measurement range of ESPI is small and limited by the 
speckle correlation

 For large objects, high-power lasers are required to increase the 
average speckle pattern size

 Equipment and installation cost of the setup is high
 Difficult to use outside the laboratory
 Require precise setup and low vibrational environments

DIC  Noncontact, full-field, and multipoint measurements
 Simple experimental setup and specimen preparation
 High efficiency
 Great measurement accuracy and stability
 High precision over the entire area
 Wide measurement range (several millimetres to metres, high 

temperature)
 Accurate measurements of structures in typical outdoor environ-

ments
 Full-field deformation analysis
 A quick preparation of a random pattern of black dots on the white 

background on the specimen surface by spraying paint

 Specimen surface has to be planar with a random pattern on the 
surface

 The dependence of the system on natural lighting conditions; the 
need to apply artificial light when registering images with high 
frequency

 The need to use calibration tables appropriate to the size of the 
tested sample area

 Capacious storage media required to archive recorded images
 Measurement errors strongly dependent on the size of measur-

ing area inaccuracies of averaging the results of calculations, 
light condition changes during testing noises of digital camera, 
angle between cameras and analysed surface, quality of the 
lenses
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the clamping force should be carefully controlled during 
specimen exchange. On the other hand, both methods are 
very sensitive to a stress concentration on the specimen 
edge. The relatively large strain values found on the edge 
in comparison to strain values within the gauge area do not 
allow application of a uniform scale to present the results. 
This issue is much more important during ESPI measure-
ments, as the strain distribution during damage development 
observed on the surface remained at the similar level up 
to the specimen fracture, and thus an identification of the 
potential fracture area is impossible. The stress concentra-
tion on the specimen edges was also observed during DIC 
measurements; however, this method enables to localise the 
area of potential crack at the early stage of fatigue devel-
opment. The high sensitivity of the ESPI method does not 
allow to effectively monitor fatigue development even in 
the laboratory scale. The vibrations from the hydraulic test-
ing machine together with the noise generated from the 
environment affect significantly the measurements, and as 
a consequence, greatly reduce the possible application of 
this method. The DIC technique, however, allows to detect 
the area with considerably higher strain accumulation even 
at the beginning of the test. Additionally, DIC could be suc-
cessfully used to identify cracks on irregular surfaces. Qvale 
et al. [42] used full-field digital image correlation technique 
to identify crack initiation and early crack growth on cor-
roded surfaces from offshore mooring chain.

The methodology of DIC fatigue damage development 
monitoring may be used together with the procedure pre-
sented in the authors’ previous work [43], where the power 
exponent approximation of the fatigue damage measure ϕ 
and fatigue damage parameter D were successfully used to 
determine the fatigue life of P91 steel.

The fatigue damage parameter D describes the dynamics 
of deformation changes in subsequent cycles and is repre-
sented by the relationship:

whereφN—current value of the fatigue damage development 
measure in the cycle N, φmin—minimum value of the fatigue 
damage development measure at the beginning of the cyclic 
loading, i.e. for the cycle N=1, φmax—maximum value of 
the fatigue damage development measure for the last cycle 
of the period of stable damage development Nf.

In this equation, damage measure was defined by:

where �
w
—the inelastic strain amplitude is the damage indi-

cator that characterises a width of the hysteresis loop at the 
total unloading, �

m
—the mean inelastic strain responsible for 

a shift of the hysteresis loop under unloaded state.

(1)D =

�
N
− �

min

�
max

− �
min

(2)� = �
w
+ �

m

The inelastic strain amplitude was measured at the total 
unloading of a material and was described in a single cycle 
by:

The mean inelastic strain was also captured under 
unloaded state and was further defined by the relationship:

The combination of these methodologies is presented 
in Figs. 14, 15, where an evolution of the fatigue damage 
parameter D as a function of the number of cycles to failure 
is shown for the stress amplitude of 500 MPa. A detailed 
description of the fatigue damage development expressed 
by an evolution of the fatigue damage parameter D associ-
ated with deformation mechanisms and microstructure evo-
lution that occurred during cyclic loading was presented in 
[43]. Figure 15 presents an additional attempt to correlate 
the DIC measurements with evolution of the fatigue dam-
age parameter D, elaborated for the following number of 
cycles: 1; 100,000; 250,000; and 301,251. The tempered 
martensite microstructure was found to be favourable for 
microcrack nucleation during fatigue. Such microstructure 
significantly accelerates the dynamics of the damage pro-
cess in the first stage of deformation, and, moreover, the 
localised strain concentration could be easily found in the 
middle section of gauge length. Subsequent damage devel-
opment in the next stages enabled an identification of the 
area of potential crack, and furthermore confirmed it in the 
final, third stage of damage, where the strain accumulation 
resulted from rapid increase of macrocracks and their sub-
sequent propagation in the form of the dominant crack led 
to the material decohesion.

It was found that both of these methods, DIC and power 
exponent approximation of the D parameter, enable to reveal 
the dynamics of the degradation process in the first stage of 
fatigue up to 1000 cycles, and, thus, can be more effective 
than the conventional S–N curve approach. The correlation 
of these methods could be also effectively used for fatigue 
crack initiation detection along with complex physical mod-
els of fatigue crack initiation [44]. It should be highlighted 
that the experimental findings presented in [44] were also in 
agreement with those of the authors’ previous studies [43], 
in which the initiation of fatigue cracks was also associ-
ated with intrusions within the materials. Additionally, such 
methodology could be successfully used as an alternative 
approach to the well-known non-destructive testing methods 
for measuring crack growth including optical, compliance, 
ultrasonic, acoustic emission [45], eddy current, alternating 
current field, and potential difference (PD) methods [46] or 
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even probabilistic methods for fatigue crack initiation pre-
diction [47].

5 � Conclusions

In this paper, steel specimens subjected to fatigue loadings 
in the range of stress amplitude from ± 400 to ± 640 MPa 
were monitored by using two different optical measure-
ment techniques (ESPI and DIC). The techniques were 
assessed in terms of their effectiveness to fatigue dam-
age development monitoring in P91 power engineering 
steel. It was found that DIC enables to monitor the fatigue 

behaviour and accurately indicate the area of potential fail-
ure within the early stage of fatigue damage development. 
Contrary to this, the application of thw ESPI method was 
not so successful. It also enabled to indicate the location 
of potential damage area, however, significantly later than 
DIC. The main limitation of ESPI technique usage results 
from its high sensitivity which procures many difficulties 
during working with the servo-controlled hydraulic testing 
machines. Such machines generate high-frequency vibra-
tions during experiments due to oil flow supplying the 
machine loading systems. The vibrations disturb signifi-
cantly the work of ESPI cameras and narrows greatly its 
measuring capabilities.

Fig. 14   Hysteresis loops 
for the stress amplitude of 
500 MPa correlated with the 
DIC measurements performed 
after 1, 100,000, 250,000 and 
301,251 cycles

Fig. 15   Development of 
the fatigue damage for the 
stress amplitude of 500 MPa 
expressed by evolution of the 
fatigue damage parameter D 
correlated with the DIC meas-
urements performed after 1, 
100,000, 250,000 and 301,251 
cycles
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